Introduction {#S0001}
============

Patients with hematological malignancy have been shown to be at elevated risks of cardiovascular diseases[@CIT0001],[@CIT0002] and psychiatric disorders[@CIT0003],[@CIT0004] during follow-up. Cardiovascular and psychiatric comorbidities have further been related to inferior patient outcome and lower likelihood of receiving treatment with curative intent.[@CIT0005]--[@CIT0008] Surveillance and intervention of cardiovascular and psychiatric comorbidities at an early stage could therefore make more patients eligible for curative treatment and improve prognosis. Previous studies have predominantly focused on cardiovascular diseases and psychiatric disorders during the primary treatment of hematological malignancy[@CIT0009],[@CIT0010] or as a long-term health risk among survivors of hematological malignancy.[@CIT0011]--[@CIT0013] Little attention has been given to the period of the clinical evaluation of a suspected malignancy. To this end, we assessed the risks of cardiovascular diseases and psychiatric disorders during the diagnostic workup of patients with hematological malignancy, and among individuals that underwent a similar evaluation but did not receive a cancer diagnosis and individuals that never underwent a diagnostic workup for suspected hematological malignancy. We also contrasted such risks during the diagnostic workup to that of the time after the diagnostic workup.

Methods {#S0002}
=======

Study Design {#S0002-S2001}
------------

Based on the Total Population Register, we identified a cohort of 1,527,449 individuals residing during 2005--2014 in Skåne, Sweden.[@CIT0014] Through the individually unique personal identity numbers assigned to all Swedish residents, we cross-linked the cohort to the Cancer Register and Causes of Death Register and individually followed the cohort participants from January 1, 2005, date of migration to Skåne, or date of birth, whichever came later, until a diagnosis of any cancer (whether or not hematological malignancy), migration out of Skåne, death, or December 31 2014, whichever occurred first. After excluding 54,245 with a prevalent cancer at cohort entry, we included 1,473,204 participants in the final cohort ([[Supplementary Figure S1](https://www.dovepress.com/get_supplementary_file.php?f=218063.docx)]{.ul}).

Comparison Groups {#S0002-S2002}
-----------------

Reporting of newly diagnosed cancer by clinicians and pathologists has been required by Swedish law since 1958, and the completeness of the Swedish Cancer Register approaches 100%. Through the Cancer Register, we identified 5495 participants of the study cohort that received a new diagnosis of hematological malignancy during the follow-up ([Table 1](#T0001){ref-type="table"}). This group was defined as exposed to the diagnostic workup of a suspected hematological malignancy, i.e., primary exposure group. The Swedish 10th revision of the International Classification of Diseases (ICD-10) codes used to identify hematological malignancies are listed in [[Supplementary Table S1](https://www.dovepress.com/get_supplementary_file.php?f=218063.docx)]{.ul}.Table 1Characteristics Of Patients With Hematological Malignancy And Individuals That Underwent A Bone Marrow Or Lymph Node Biopsy, A Population-Based Cohort Study During 2005--2014 In Skåne, SwedenCharacteristicsPatients With Hematological Malignancy^a^Biopsied Individuals^b^No. of patients or individuals549518,906Male (%)3007 (54.7%)8673 (45.9%)Median age at diagnosis or biopsy, years7056Civil status - Cohabitating2917 (53.1%)8394 (44.4%) - Non-cohabitating2578 (46.9%)10,512 (55.6%)Preexisting cardiovascular diseases at diagnosis or biopsy - Yes2749 (50.0%)7062 (37.4%) - No2746 (50.0%)11,844 (62.6%)Preexisting psychiatric disorders at diagnosis or biopsy - Yes961 (17.5%)5570 (29.5%) - No4534 (82.5%)13,336 (70.5%)[^1]

Individuals that undergo an aspiration or biopsy of bone marrow or lymph node biopsy without eventually receiving a diagnosis of malignancy experience similar diagnostic procedures as patients with hematological malignancy. We therefore defined individuals that underwent an aspiration or biopsy of bone marrow or lymph node biopsy but without receiving a diagnosis of any cancer during the 6 weeks thereafter as the secondary exposure group. This group was referred to as "biopsied individuals". The Skåne Healthcare Register (SHR) contains information on healthcare provided at all levels in this region, including patient characteristics (age, sex, and birthdate), healthcare provider (specialist or primary care), date of healthcare visit, diagnoses, and surgical or non-surgical procedure codes. We identified biopsied individuals through SHR using corresponding procedure codes.

The primary and the secondary exposure groups started to accumulate exposed person-time from the start until the end of the diagnostic workup. Participants of the cohort that were not identified as patients with hematological malignancy or biopsied individuals during follow-up contributed all person-time to the reference group from cohort entry. Because we allowed each participant to have multiple events of cardiovascular diseases and psychiatric disorders, in the reference group, we also included person-time accumulated before the defined diagnostic workup of patients with hematological malignancy as well as the biopsied individuals. As a result, an outcome of interest could also occur during the unexposed person-time of the exposure groups.

Definition Of Diagnostic Workup {#S0002-S2003}
-------------------------------

We defined a diagnostic workup of cancer as the time period starting from the first suspicion of cancer until the start of treatment. According to the Swedish national cancer care program, the median waiting time from the first specialist visit to diagnosis is 3 weeks for lymphoma,[@CIT0015] 2 weeks for myeloma,[@CIT0016] and 1 week for acute leukemia.[@CIT0017] Because the first suspicion of cancer might arise before the first specialist visit, for each patient of hematological malignancy, we calculated the weekly numbers of healthcare visits during the 12 weeks before and the 12 weeks after the diagnosis of hematological malignancy. We used logistic regression to identify the week from which the weekly number of healthcare visits increased statistically significantly compared to the week before. We found that patients with lymphoma had a statistically significantly increased number of healthcare visits during the 5th week before diagnosis, compared to before ([[Supplementary Figure S2](https://www.dovepress.com/get_supplementary_file.php?f=218063.docx)]{.ul}). For patients with myeloma it was the 3rd week, and for patients with leukemia, myelodysplastic syndrome, and myeloproliferative neoplasm it was the 1st week, before diagnosis. We accordingly defined the start of diagnostic workup as the start of the week where the number of healthcare visits increased statistically significantly compared to before. The waiting time between diagnosis and start of primary treatment is in general 1 week for acute leukemia and aggressive lymphoma in Sweden.[@CIT0018],[@CIT0019] We defined therefore the diagnostic workup as the time interval starting from 1 week before diagnosis until 1 week after diagnosis for patients with leukemia, myelodysplastic syndrome, and myeloproliferative neoplasm, from 3 weeks before until 1 week after diagnosis for patients with myeloma, and from 5 weeks before until 1 week after diagnosis for patients with lymphoma. To contrast the rates of cardiovascular diseases and psychiatric disorders during the diagnostic workup with such rates after initiation of primary treatment, we defined the 6 months after the defined diagnostic workup as the post-diagnostic period for respective patients.

Individuals undergoing bone marrow aspiration or biopsy were considered as having similar diagnostic procedures as patients with leukemia, whereas individuals undergoing lymph node biopsy are likely to have similar diagnostic procedures as patients with lymphoma.[@CIT0020],[@CIT0021] We defined accordingly the diagnostic workup as the time interval from 1 week before biopsy until 1 week after biopsy for individuals receiving bone marrow aspiration or biopsy, and from 5 weeks before until 1 week after biopsy for individuals receiving lymph node biopsy. We included only the first diagnostic workup for each biopsied individual, if more than one diagnostic workup was identified. Post-diagnostic period was defined as the 6-month period after the defined diagnostic workup for these individuals, similar to patients with hematological malignancy. If a cancer diagnosis or a new diagnostic workup of suspected hematological malignancy occurred during the post-diagnostic period of biopsied individuals, the post-diagnostic period ended at the day of such event (1.1% of all biopsied individuals).

Outcome Measures {#S0002-S2004}
----------------

Outcomes of interest included specialist healthcare visits with a primary diagnosis of cardiovascular diseases or psychiatric disorders. We used ICD-10 codes I00-I99 to identify cardiovascular diseases and F10-F99 to identify psychiatric disorders ([[Supplementary Table S2](https://www.dovepress.com/get_supplementary_file.php?f=218063.docx)]{.ul}). Among cardiovascular diseases, we specifically studied myocardial infarction, embolism or thrombosis, heart failure, stroke, and hypertension. Among psychiatric disorders, we specifically studied stress reaction or adjustment disorder, depression, and anxiety. Repeated diagnoses were taken into account apart from consecutive diagnoses that occurred within 28 days of each other, which were considered as one event.

Statistical Analyses {#S0002-S2005}
--------------------

We calculated the unadjusted incidence rates (IRs) of cardiovascular diseases and psychiatric disorders during the diagnostic workup and post-diagnostic period of the two exposure groups as well as among the reference, using number of diagnoses divided by accumulated person-months at risk. We calculated the incidence rate ratios (IRRs) and 95% confidence intervals (CIs) by comparing the IRs of the exposure groups with that of the reference using Poisson regression. In all statistical models, we adjusted for attained age and calendar year, sex, civil status, and preexisting cardiovascular disease or psychiatric disorder. Because of the repeated outcome measures, we also used clustered sandwich estimator to account for correlated data in all models. To reduce concerns of residual confounding, we used conditional Poisson regression to perform a within-individual analysis where the IRs of cardiovascular diseases and psychiatric disorders during the diagnostic workup and post-diagnostic period were compared with the IRs of the same individual before the diagnostic workup, among patients with hematological malignancy and biopsied individuals.

We also performed several analyses focusing on the diagnostic workup alone. First, to assess potential effect modifiers of the studied associations, we performed sub-group analyses by age at diagnosis or biopsy, sex, calendar period, civil status, and preexisting cardiovascular disease or psychiatric disorder. Patients with hematological malignancy and biopsied individuals might have a greater access to healthcare providers during their diagnostic workup, resulting a higher risk of being diagnosed with cardiovascular diseases or psychiatric disorders. To alleviate concern of such surveillance bias, in an additional sensitivity analysis, we further adjusted for frequency of healthcare visits in the statistical model. Frequency of healthcare visits was calculated as number of hospital visits divided by number of days accumulated during the diagnostic workup and the reference period. To provide a direct comparison between patients with hematological malignancy and the biopsied individuals, we also compared the rates of cardiovascular diseases and psychiatric disorders during the diagnostic workup between patients with hematological malignancy and biopsied individuals. Finally, as patients with newly diagnosed leukemia and lymphoma are usually planned to be treated with anthracyclines and targeted drugs that may impact cardiac function, these patients are frequently referred to cardiologists for pre-therapeutic evaluation or intervention, where new cardiovascular diagnoses may be made. To reduce concern of such bias, we further compared IRs of cardiovascular diseases and psychiatric disorders before and after diagnosis or biopsy, during the diagnostic workup.

All analyses were performed in SAS 9.4 (SAS Institute) and Stata 15.1 (StataCorp LP). The Ethical Review Board in Stockholm, Sweden approved the study.

Results {#S0003}
=======

Baseline Characteristics {#S0003-S2001}
------------------------

We identified 5495 patients with hematological malignancy and 18,906 biopsied individuals during the study period ([Table 1](#T0001){ref-type="table"}). Among patients with hematological malignancy, there were 784 with leukemia, 3148 with lymphoma, 767 with myeloma, 322 with myelodysplastic syndrome, and 474 with myeloproliferative neoplasm. Among biopsied individuals, 2050 received bone marrow aspiration or biopsy and 16,856 received lymph node biopsy. The most frequent diagnosis was anemia for individuals with bone marrow aspiration or biopsy and infection for individuals with lymph node biopsy, followed by medical observation and evaluation for suspected diseases or conditions ([[Supplementary Table S3](https://www.dovepress.com/get_supplementary_file.php?f=218063.docx)]{.ul}). Compared with biopsied individuals, patients with hematological malignancy were on average diagnosed at older age, more likely to be cohabitating, and had a higher prevalence of preexisting cardiovascular disease whereas a lower prevalence of preexisting psychiatric disorders ([Table 1](#T0001){ref-type="table"}).

Cardiovascular Diseases {#S0003-S2002}
-----------------------

Among patients with hematological malignancy, we identified 305 and 925 cardiovascular diagnoses during the diagnostic workup (IR, 53.4 per 1000 person-months) and post-diagnostic period (IR, 32.5 per 1000 person-months). We also identified 646,672 cardiovascular diagnoses during the follow-up of the reference (IR, 4.7 per 1000 person-months). Compared to reference, there was a higher rate of cardiovascular diseases during diagnostic workup (IRR 3.3, 95% CI 2.9 to 3.8); this rate increase was greater than the rate increase during post-diagnostic period (IRR 1.9, 95% CI 1.8 to 2.1) ([Table 2](#T0002){ref-type="table"}). A similar pattern was observed for all subgroups of hematological malignancies, with the strongest rate increase noted for leukemia. A higher rate during the diagnostic workup was found for all individual cardiovascular diseases studied, with the strongest rate elevation noted for embolism and thrombosis (IRR 8.1, 95% CI 5.2 to 12.8) ([[Supplementary Table S4](https://www.dovepress.com/get_supplementary_file.php?f=218063.docx)]{.ul}).Table 2Incidence Rates (Irs, Per 1000 Person-months) And Incidence Rate Ratios (IRRs) Of Cardiovascular Diseases And Psychiatric Disorders During The Diagnostic Workup And Post-Diagnostic Period Of Patients With Hematological Malignancy, A Population-Based Cohort During 2005--2014 In Skåne, Sweden^a^Diagnostic WorkupPost-Diagnostic PeriodNo. Of DiagnosesCrude IRIRR (95% CI)^c^No. Of Affected Patients (%)No. Of DiagnosesCrude IRIRR (95% CI)^c^No. Of Affected Patients (%)Cardiovascular diseases Reference^b^646,6724.71.0646,6724.71.0 Patients with any hematological malignancy30553.43.3 (2.9--3.8)264 (4.8)92532.51.9 (1.8--2.1)642 (12.0) Leukemia3290.36.4 (4.4--9.1)30 (3.8)12233.92.6 (2.1--3.3)83 (11.3) Myelodysplastic syndrome1068.33.3 (1.7--6.4)9 (2.8)6236.81.7 (1.2--2.3)44 (13.9) Myeloproliferative neoplasm23107.75.4 (3.6--8.1)22 (4.6)11041.92.0 (1.5--2.6)68 (14.5) Myeloma4056.93.3 (2.3--4.7)212 (27.6)12230.01.7 (1.4--2.1)97 (12.9) Lymphoma20046.63.0 (2.6--3.5)172 (5.5)50930.81.9 (1.7--2.1)350 (11.4)Psychiatric disorders Reference^b^984,2687.21.0984,2687.21.0 Patients with any hematological malignancy5910.42.1 (1.5--2.8)48 (0.9)2157.61.4 (1.1--1.7)114 (2.1) Leukemia12.80.5 (0.1--3.6)1 (0.1)298.11.4 (0.9--2.3)19 (2.6) Myelodysplastic syndrome16.81.7 (0.3--11.2)1 (0.3)42.40.6 (0.2--1.8)3 (0.9) Myeloproliferative neoplasm14.60.9 (0.1--6.4)1 (0.2)2710.32.0 (1.1--3.4)12 (2.6) Myeloma710.02.0 (0.8--5.0)5 (0.7)245.91.1 (0.6--1.9)15 (2.0) Lymphoma4911.42.3 (1.6--3.3)40 (12.7)1317.91.4 (1.0--1.9)65 (2.1)[^2]

Among biopsied individuals, we identified 1157 and 2240 cardiovascular diagnoses during the diagnostic workup (IR, 48.7 per 1000 person-months) and post-diagnostic period (IR, 21.2 per 1000 person-months). We found a greater IRR of cardiovascular diseases during diagnostic workup (IRR 4.9, 95% CI 4.6 to 5.3), compared to the post-diagnostic period (IRR 1.9, 95% CI 1.8 to 2.0), among biopsied individuals ([Table 3](#T0003){ref-type="table"}). A similar result pattern was observed for patients receiving bone marrow aspiration or biopsy and lymph node biopsy, with a greater IRR for bone marrow aspiration or biopsy. A higher rate during the diagnostic workup was found for all individual cardiovascular diseases studied, with the strongest IRR noted for stroke (IRR 37.5, 95% CI 34.1 to 41.2) ([[Supplementary Table S4](https://www.dovepress.com/get_supplementary_file.php?f=218063.docx)]{.ul}).Table 3Incidence Rates (Irs, Per 1000 Person-months) And Incidence Rate Ratios (IRRs) Of Cardiovascular Diseases And Psychiatric Disorders During The Diagnostic Workup And Post-Diagnostic Period Of Biopsied Individuals, A Population-Based Cohort Study During 2005--2014 In Skåne, Sweden^a^Diagnostic WorkupPost-Diagnostic PeriodNo. Of diagnosesCrude IRIRR (95% CI)^c^No. Of Affected Individuals (%)No. Of DiagnosesCrude IRIRR (95% CI)^c^No. Of Affected Individuals (%)Cardiovascular diseases Reference^b^646,6724.71.0646,6724.71.0 All biopsied individuals115748.74.9 (4.6--5.3)1016 (5.4)224021.21.9 (1.8--2.0)1420 (7.6) Individuals with bone marrow aspiration or biopsy116126.37.0 (5.8--8.5)105 (5.1)51145.62.5 (2.2--2.8)287 (14.2) Individuals with lymph node biopsy104145.64.8 (4.5--5.1)911 (5.4)172918.31.8 (1.7--1.9)1133 (6.8)Psychiatric disorder Reference^b^984,2687.21.0984,2687.21.0 All biopsied individuals74831.83.1 (2.9--3.4)615 (3.3)219420.81.8 (1.7--2.0)1261 (6.8) Individuals with bone marrow aspiration or biopsy66.51.0 (0.4--2.1)6 (0.3)11510.31.4 (1.1--1.9)58 (2.9) Individuals with lymph node biopsy74232.83.2 (2.9--3.5)609 (3.6)207922.01.9 (1.8--2.0)1203 (7.3)[^3]

In the self-comparison analysis, the rate of cardiovascular diseases was statistically significantly higher during diagnostic workup, compared to the period before diagnostic workup, among patients with hematological malignancy and biopsied individuals ([Table 4](#T0004){ref-type="table"}).Table 4Incidence Rates (Irs, Per 1000 Person-months) And Incidence Rate Ratios (IRRs) Of Cardiovascular Diseases And Psychiatric Disorders During The Diagnostic Workup And Post-Diagnostic Period, Compared To The Reference Period Before The Diagnostic Workup Among Patients With Hematological Malignancy And Biopsied Individuals, A Self-Comparison Analysis^a^Reference PeriodDiagnostic WorkupPost-Diagnostic PeriodNo. Of DiagnosesCrude IRIRR\
(95% CI)^b^No. Of DiagnosesCrude IRIRR\
(95% CI)^b^No. Of DiagnosesCrude IRIRR\
(95% CI)^b^Cardiovascular diseases Patients with hematological malignancy388512.61.030553.43.0 (2.5--3.6)92532.51.6 (1.4--1.8) Biopsied individuals10,9259.61.0115748.73.8 (3.4--4.1)224021.21.5 (1.4--1.6)Psychiatric disorder Patients with hematological malignancy14534.71.05910.42.1 (1.4--3.1)2157.61.5 (1.2--1.9) Biopsied individuals12,04910.71.074831.82.5 (2.2--2.7)219420.81.3 (1.2--1.4)[^4][^5]

Focusing on diagnostic workup alone, we found that IRR of cardiovascular diseases was greater among younger patients and patients without preexisting cardiovascular diseases ([[Supplementary Table S5](https://www.dovepress.com/get_supplementary_file.php?f=218063.docx)]{.ul}). Additional adjustment for frequency of healthcare visits did not change the results ([[Supplementary Table S6](https://www.dovepress.com/get_supplementary_file.php?f=218063.docx)]{.ul}). Biopsied individuals had a slightly higher rate of cardiovascular diseases during diagnostic workup, compared to patients with hematological malignancy ([[Supplementary Table S7](https://www.dovepress.com/get_supplementary_file.php?f=218063.docx)]{.ul}). Finally, we found that although there was a higher rate of cardiovascular diseases both before and after diagnosis or biopsy, the IRR was greater before the date of diagnosis or biopsy compared to thereafter, i.e., before the start of treatment ([Figure 1](#F0001){ref-type="fig"}).Figure 1Incidence rate ratios (IRRs) and their 95% confidence intervals (CIs) of cardiovascular diseases and psychiatric disorders during the diagnostic workup of patients with hematological malignancy or biopsied individuals, separating the analyses by before or after date of diagnosis or biopsy.

Psychiatric Disorders {#S0003-S2003}
---------------------

Among patients with hematological malignancy, we identified 59 and 215 psychiatric diagnoses during the diagnostic workup (IR, 10.4 per 1000 person-months) and post-diagnostic period (IR, 7.6 per 1000 person-months). We also identified 984,268 psychiatric diagnoses during the follow-up of the reference (IR, 7.2 per 1000 person-months). We found a greater IRR of psychiatric diseases during diagnostic workup (IRR 2.1, 95% CI 1.5 to 2.8), compared to the post-diagnostic period (IRR 1.4, 95% CI 1.1 to 1.7) ([Table 2](#T0002){ref-type="table"}). Among different patient groups, statistically significantly higher rate as only noted for lymphoma. A rate elevation was noted for most of the studied individual psychiatric disorders ([[Supplementary Table S4](https://www.dovepress.com/get_supplementary_file.php?f=218063.docx)]{.ul}).

Among biopsied individuals, we identified 748 and 2194 psychiatric diagnoses during the diagnostic workup (IR, 31.8 per 1000 person-months) and post-diagnostic period (IR, 20.8 per 1000 person-months). We found a greater IRR of psychiatric disorders during diagnostic workup (IRR 3.1, 95% CI 2.9 to 3.4), compared to post-diagnostic workup (IRR 1.8, 95% CI 1.7 to 2.0), among biopsied individuals ([Table 3](#T0003){ref-type="table"}). The rate increase did not differ clearly for depression, anxiety, and stress reaction or adjustment disorder ([[Supplementary Table S4](https://www.dovepress.com/get_supplementary_file.php?f=218063.docx)]{.ul}).

In the self-comparison analysis, the rate of psychiatric disorders was statistically significantly higher during diagnostic workup, compared to the period before diagnostic workup, for both patients with hematological malignancy and biopsied individuals ([Table 4](#T0004){ref-type="table"}).

Focusing on diagnostic workup alone, we found that the rate increase was greater among males and patients without preexisting psychiatric disorders ([[Supplementary Table S5](https://www.dovepress.com/get_supplementary_file.php?f=218063.docx)]{.ul}). Further adjustment for frequency of healthcare visits did not change the results ([[Supplementary Table S6](https://www.dovepress.com/get_supplementary_file.php?f=218063.docx)]{.ul}). Biopsied individuals had a higher rate of psychiatric disorders during diagnostic workup, compared to patients with hematological malignancy ([[Supplementary Table S7](https://www.dovepress.com/get_supplementary_file.php?f=218063.docx)]{.ul}). We also found that although there was a higher rate of psychiatric diseases both before and after cancer diagnosis or biopsy, the rate increase was greater before diagnosis or biopsy, compared to the time between diagnosis or biopsy and treatment ([Figure 1](#F0001){ref-type="fig"}).

Discussion {#S0004}
==========

To the best of our knowledge, this study is the first to demonstrate higher risks of cardiovascular diseases and psychiatric disorders during a diagnostic workup of suspected hematological malignancy, focusing not only on patients that were eventually diagnosed with hematological malignancy but also individuals that underwent a similar evaluation but without receiving a diagnosis of cancer. Previous research mainly studied patients with hematological malignancy and focused on cardiovascular diseases and psychiatric disorders after cancer treatment or during the survivorship.[@CIT0001],[@CIT0009],[@CIT0010],[@CIT0012],[@CIT0013] Little attention has been given to cardiovascular or psychiatric events during the clinical evaluation for a suspected malignancy or the immediate time before and after diagnosis. Our study therefore provides novel evidence for considerably increased rates of cardiovascular diseases and psychiatric disorders during this critical time window. It is interesting to note that the rate increases were much greater during the diagnostic workup, compared to the rate increases during the 6 months after the start of cancer treatment. Focusing on the diagnostic workup, the rate increases were also greater during the time before diagnosis or biopsy (while waiting for a diagnosis) compared to thereafter (while waiting for treatment).

There was a clear risk elevation for cardiovascular diseases during the diagnostic workup of patients with different hematological malignancies, although with a varying magnitude. The smallest rate increase was observed for lymphoma and the greatest rate increase for acute leukemia. This pattern is also reflected among biopsied individuals, namely that individuals receiving bone marrow aspiration or biopsy had a greater risk increase of cardiovascular diseases during the diagnostic workup, compared to individuals receiving lymph node biopsy. These results might be explained by the strong relationship between the underlying disease and the risk of cardiovascular events. For example, as hyperleukocytosis and hemorrhage are more commonly seen in leukemia,[@CIT0022],[@CIT0023] patients with leukemia tended to have a higher risk of cardiovascular diseases, especially embolism, thrombosis, and stroke, during their diagnostic workup. Similarly, as cardiac cachexia and ventricular remodeling are common in anemia,[@CIT0024] biopsied individuals with a diagnosis of anemia tended to have a higher risk of cardiovascular diseases, particularly heart failure and myocardial infarction, during the diagnostic workup (data not shown).

In addition to the underlying disease, the psychological distress of going through invasive diagnostic procedures, expecting a potential diagnosis of lethal disease, and waiting for the start of cancer treatment (if confirmed with a cancer diagnosis) might also contribute to the markedly elevated rate of cardiovascular diseases during the diagnostic workup of a suspected hematological malignancy. Evidence has indeed accumulated to suggest severe psychological distress during the clinical evaluation of potential cancer.[@CIT0025]--[@CIT0027] The present study corroborates and expands these previous findings by demonstrating an increased risk of psychiatric disorders during the diagnostic workup of a suspected hematological malignancy, not only among patients that were later diagnosed with cancer but also among individuals that were not destined to such disease.

During diagnostic workup, biopsied individuals had a greater rate increase of cardiovascular diseases and psychiatric disorders, especially stroke, compared to patients with hematological malignancy. The different underlying diseases between these two groups might have contributed to such difference. The most frequent diagnoses of biopsied individuals included anemia and infection, and patients with these diseases are known to have a high risk of psychiatric disorders and cardiovascular diseases,[@CIT0028]--[@CIT0034] particularly stroke.[@CIT0035]--[@CIT0037] In contrast, a large proportion of hematological malignancy is indolent. For example, indolent non-Hodgkin lymphoma was estimated to account for around 40% of non-Hodgkin lymphoma in northern Europe.[@CIT0038],[@CIT0039] Because most indolent patients are asymptomatic,[@CIT0038] they are less likely to have cardiovascular comorbidities or experience symptom-related stress.

There was a decreased rate increment of cardiovascular diseases and psychiatric disorders during the week after diagnosis or biopsy (i.e., before the presumed start of primary cancer treatment for diagnosed patients), compared to the rate before diagnosis or biopsy. This finding alleviates the concern that the increased risk of cardiovascular diseases during the diagnostic workup is due purely to detection bias, assuming that patients will only be treated with anthracyclines and other targeted drugs (which might affect cardiac function) or referred to cardiologists while preparing for the start of cancer treatment (which might lead to new diagnoses of cardiovascular diseases) after receiving a diagnosis of malignancy. The smaller rate increment of these outcomes during the post-diagnostic period (i.e., 6 months after the start of primary treatment), compared to the diagnostic workup, might on the other hand reflect the effectiveness of treatment for the underlying disease on reducing the risk of cardiovascular and psychiatric comorbidities. As a result, it highlights the importance of surveillance and the usefulness of intervention for cardiovascular diseases and psychiatric disorders. Despite treatment advancements for patients with hematological malignancy during the last decades, cardiovascular and psychiatric comorbidities are still largely influencing the decision-making of clinicians with regard to the eligibility of patients for curative treatment.[@CIT0040] Surveillance and intervention of such comorbidities at an early stage, preferably already during the clinical evaluation of potential malignancy, could therefore make more patients eligible for curative treatment and improve prognosis.

One major strength of our study is the population-based cohort design with large sample size and complete follow-up. Together with the prospectively and independently collected information on the exposure and outcomes, these strengths alleviated concerns of selection and information biases. One limitation of the study is the difficulty in determining the nature of the associations noted, primarily in terms of cardiovascular diseases as we know that cardiovascular events might be the symptoms of onset for hematological malignancy and lead to a diagnostic workup. A second limitation is surveillance bias, assuming that patients with hematological malignancy and biopsied individuals had greater access to healthcare providers and therefore higher risk of being recorded with diagnoses of cardiovascular diseases or psychiatric disorders. The similar results obtained when further adjusting for frequency of healthcare visits allays this concern. The greater rate increase noted before diagnosis or biopsy compared to thereafter during the diagnostic workup, also argues against surveillance bias as a pure explanation for the observed rate increase assuming that patients with a diagnosed hematological malignancy has equally if not greater access to healthcare compared to patients that were suspected for a malignancy. Residual confounding remains a potential concern for all observational studies. The similar results obtained in the self-comparison analysis, where the rates of cardiovascular diseases and psychiatric disorders during the diagnostic workup were compared to that of the previous time period of the same individual also speaks against bias as the sole explanation for our findings.

In conclusion, in a large population-based sample, we observed markedly elevated rates of cardiovascular diseases and psychiatric disorders during the diagnostic workup of a suspected hematological malignancy. The rate increases were noted among patients that were eventually diagnosed with hematological malignancy as well as individuals that were similarly evaluated but did not receive a cancer diagnosis.
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[^1]: **Notes:** ^a^Including 784 patients with leukemia (excluding chronic lymphoid leukemia), 322 patients with myelodysplastic syndrome, 474 patients with myeloproliferative neoplasm, 767 patients with myeloma and 3148 patients with lymphoma (including chronic lymphoid leukemia). ^b^Including 2050 individuals with bone marrow aspiration or biopsy and 16,856 patients with lymph node biopsy.

[^2]: **Notes:** ^a^Diagnostic workup was defined as the time interval starting from 1 week before date of diagnosis until 1 week after diagnosis for patients with leukemia, myelodysplastic syndrome, and myeloproliferative neoplasm, from 3 weeks until 1 week after diagnosis for patients with myeloma, and from 5 weeks before until 1 week after diagnosis for patients with lymphoma. Post-diagnostic period was defined as a 6-month period after the defined diagnostic workup for respective patients. ^b^Reference included person-time accumulated during the follow-up of individuals that were not identified as patients with hematological malignancy or biopsied individuals as well as person-time accumulated before the defined diagnostic workup from patients with hematological malignancy and biopsied individuals. ^c^Adjusted for attained age and calendar year, sex, civil status, preexisting cardiovascular disease or psychiatric disorder, and registered parish.

    **Abbreviation:** CI, confidence interval.

[^3]: **Notes:** ^a^Diagnostic workup was defined as the time interval starting from 1 week before the date of biopsy until 1 week after biopsy for patients with bone marrow aspiration or biopsy, and from 5 weeks before until 1 week after biopsy for patients with lymph node biopsy. Post-diagnostic period was defined as a 6-month period after the defined diagnostic workup for respective patients. ^b^Reference included person-time accumulated during the follow-up of individuals that were not identified as patients with hematological malignancy or biopsied individuals as well as person-time accumulated before the defined diagnostic workup from patients with hematological malignancy and biopsied individuals. ^c^Adjusted for attained age and calendar year, sex, civil status, preexisting cardiovascular disease or psychiatric disorder, and registered parish.

    **Abbreviation:** CI, confidence interval.

[^4]: **Notes:** ^a^Diagnostic workup was defined as the time interval starting from 1 week before date of diagnosis until 1 week after diagnosis for patients with leukemia, myelodysplastic syndrome, and myeloproliferative neoplasm, from 3 weeks before until 1 week after diagnosis for patients with myeloma, and from 5 weeks before until 1 week after diagnosis for patients with lymphoma. Diagnostic workup was defined as the time interval starting from 1 week before the date of biopsy until 1 week after biopsy for biopsied individuals with a bone marrow aspiration or biopsy, and from 5 weeks before until 1 week after biopsy for biopsied individuals with a lymph node biopsy. Post-diagnostic period was defined as a 6-month period after the defined diagnostic workup for respective patients. Reference period was defined as the time interval starting from cohort entry until the start of diagnostic workup. ^b^Adjusted for attained age and calendar year, civil status, preexisting cardiovascular disease or psychiatric disorder, and registered parish.

[^5]: **Abbreviations:** CI, confidence interval.
